Background. Confirmed cases of avian influenza A(H7N9) virus infection in humans continue to occur in mainland China. Few confirmed cases have occurred in poultry workers despite potentially higher rates of exposure.
Methods. A serological survey was conducted in May and December 2013 in poultry market workers, and in March and September 2013 in the general population. Blood samples were collected and tested for antibodies to H7N9 and H5N1 viruses by hemagglutination inhibition (HI) assays. Multivariable analysis was employed to identify risk factors related to H7N9 infection indicated by serology among poultry workers.
Results. In the poultry workers, 36 of 501 (7.2%) in May and 56 of 375 (14.9%) in December had HI antibody titers ≥1:160 to H7N9. Of 96 individuals who participated in both surveys, 52 (54.2%) workers had a ≥4-fold rise in H7N9 antibody titers from May to December. In a multivariable analysis, female sex (odds ratio Conclusions. Although none of the participants in our study had virologically confirmed H7N9 infection, the high proportion of poultry workers with serologic evidence of H7N9 infection between May and December 2013 suggests a substantial risk of mild H7N9 infections in this group, supporting stricter control measures in live poultry markets.
Keywords. influenza A(H7N9); poultry workers; seroprevalence.
A novel avian influenza A(H7N9) virus emerged in February 2013 and caused more than 100 laboratoryconfirmed human infections in the Yangtze River Delta region in spring 2013 [1, 2] . Although few cases were confirmed in the summer of 2013, human cases resurged in the winter of 2013-2014 with >270 human cases confirmed since 1 January 2014. Since December 2013, most confirmed cases in southern China have been reported in Guangdong province. As more and more confirmed H7N9 cases have been reported, almost all with serious illness requiring hospitalization, the extent of mild infections remains uncertain. Of 139 confirmed cases reported by 1 December 2013, only 6% occurred in persons with occupational exposure to live poultry [1] , despite potentially substantial rates of exposure to the virus among this group. On the other hand, mild cases have been detected through sentinel surveillance of influenzalike illnesses [3, 4] , indicative of a much larger number of similar cases requiring medical attention in the general population [5] , and there could potentially be an even greater number of subclinical infections [6] . Serologic studies are required to identify asymptomatic infections in the population, and we established such a study in 2013.
A few studies have reported low levels of antibody to H7N9 virus among poultry workers before [7] and after the spring 2013 epidemic [8] , but more recent data have not been reported in the literature. Two confirmed human cases of H7N9 reported in Hong Kong on 2 and 6 December 2013 reported potential exposure in Shenzhen, at a time when confirmed cases had not yet been reported in humans in Shenzhen although there had been sporadic detections of the virus in live poultry markets [9] . However, on 19 December 2013, the first human case in the city was reported. Having collected sera from poultry workers during the spring outbreak, we immediately collected more sera in late December 2013. The objectives of our study were to examine the seroprevalence of antibody to H7N9 among the general population and among poultry market workers before and during a local H7N9 epidemic, and to identify risk factors for H7N9 infection based on serology.
METHODS

Study Design
The serological surveys of poultry market workers were conducted in May and December 2013. During the first survey conducted in May, poultry market workers were recruited from retail and wholesale poultry markets in all 10 districts of Shenzhen. After obtaining informed consent, a blood sample was drawn from each participant, and a detailed questionnaire (see Supplementary Appendix) was used to collect information about demographic characteristics, history of exposure to poultry, and history of seasonal influenza vaccination. For the second survey in December, poultry market workers were recruited in 7 districts where environmental swabs of poultry market had just tested positive for H7N9 virus, and a shorter questionnaire was used to collect information about demographic characteristics and types of exposure to poultry. For the second survey, we attempted to find and recruit as many participants of the first survey as possible in those poultry markets sampled in both surveys. Nasal swabs were collected from the participating poultry workers in the first survey but not in the second survey.
The cross-sectional serological surveys in the general population were conducted in March and September 2013. In each survey, we aimed to recruit 70 subjects in each of 4 age groups (0-4, 5-14, 15-24, and ≥60 years), plus 140 subjects aged 25-59 Figure 1 . Timeline of sera collection in poultry workers and the general population in 2013, reports of detections of influenza A(H7N9) virus in environmental samples, reports of human cases in Hong Kong (suspected to have been exposed to H7N9 virus in or near live poultry markets in Shenzhen), and reports of human cases in Shenzhen. Abbreviations: HK, Hong Kong; SZ, Shenzhen.
years, for a total sample size of 420 subjects. The sex ratio of subjects was controlled at 1:1. These subjects were recruited from the people receiving routine medical examinations in hospital, and from the children in primary school and middle school while a vaccination campaign was conducted simultaneously. In addition to the blood sample, age and sex of participants was also recorded.
Ethical Approval
Ethical approval was obtained from ethics committee of the Shenzhen Center for Disease Control and Prevention.
Laboratory Analysis
A modified horse red blood cell (RBC) hemagglutination inhibition (HI) assay was used to detect immune response to novel influenza A(H7N9) virus and avian influenza A(H5N1) virus infection. Laboratory procedure was developed by the Chinese National Influenza Center [10] . The antigens of A/Anhui/1/ 2013(H7N9) and A/Shenzhen/01/2011(H5N1) were used for HI test. Horse RBCs displayed a high proportion of sialic acid α2,3-Gal binding, which is preferential for avian influenza virus. It is observed that use of horse RBCs significantly increased the sensitivity of detection of HI antibodies in the sera of confirmed H7N9 cases compared with the use of turkey RBCs, thus the World Health Organization recommended that horse RBCs should be used to detect HI antibodies for H7N9 virus infection [10] . Before the HI assay was conducted, serum specimens were adsorbed with horse RBCs and treated with receptor-destroying enzyme to remove nonspecific agglutinins and virus inhibitions. Sera were tested in doubling dilutions starting at 1:20, and only titers of ≥1:160 were considered seropositive for H7N9. Nasal swabs collected in the first survey were tested for H7N9 virus using real-time reverse transcription polymerase chain reaction (RT-PCR).
Statistical Analysis
Data were analyzed using SPSS software, version 16.0 (SPSS, Chicago, Illinois). 95% confidence interval of proportions was estimated using binomial distributions, and proportions were compared using χ 2 tests and Fisher exact tests. Univariable and multivariable logistic regression analyses were performed to identify risk factors for serologic evidence of H7N9 infection.
In univariate analysis, variables with a P value <.10 were selected for inclusion in multivariable analysis. Serologic evidence of H7N9 infection, termed "seroconversion" for simplicity, was indicated by a ≥4-fold rise in antibody against H7N9 measured by HI in paired sera plus a titer ≥1: 40 in the second specimen.
RESULTS
The timeline of our study is shown in Figure 1 . A total of 501 serum specimens were obtained from workers in 17 poultry markets in May and 375 specimens were obtained from workers in 24 poultry markets in December. The location of sampled live poultry markets is shown in Figure 2 . The subjects in the first and second surveys had the same median age of 41 years. The proportion of women in the second survey was higher than that in the first survey (47.7% vs 40.7%, respectively; P < .05). In the first survey, 345 (68.9%) of the poultry workers were enrolled from the 7 districts where environmental swabs of poultry market subsequently tested positive for H7N9 virus in December 2013. In addition, 41.3% of subjects in the first survey were collected from 5 districts in Shenzhen City where no laboratory-confirmed human cases had been reported by the end of February 2014. In the first survey, 197 (40.6%) subjects reported receipt of seasonal influenza vaccination in the past year (Table 1 ). All 501 nasal swabs collected from participants in the first survey tested negative for H7N9 using real time RT-PCR.
In the first survey, 109 (21.8%) individuals and 36 (7.2%) had H7N9 antibody titers ≥1:80 and ≥1:160, respectively, by HI. In the second survey, 211 (56.3%) and 56 (14.9%) individuals had H7N9 antibody titers ≥1:80 and ≥1:160, respectively, by HI ( Table 2 ). The seroprevalence of H7N9 antibody ≥1:80 or ≥1:160 by age and sex were not statistically significantly different in the first and second surveys. In the first survey, the seroprevalence of H7N9 antibody ≥1:80 or ≥1:160 among poultry workers in wholesale poultry markets was significantly lower than those working in retail poultry markets (P < .05). The poultry workers who reported receipt of seasonal influenza vaccination in the past year had significantly lower probability of having H7N9 antibody titer ≥1:80 or ≥1:160, compared with poultry workers not reporting receipt of vaccination.
Of 96 poultry market workers who participated in both surveys, 7 (7.3%) participants in the first survey and 15 (15.6%) individuals in the second survey had HI antibody titers ≥1:160, including 3 individuals who had titers ≥1:160 in both surveys. Among the 12 who developed HI antibody titers ≥1:160 between May and December, in May, 5 had titers of <1:20, 3 had titers of 1:40, and 4 had titers of 1:80. Among the 96 workers, 52 (54.2%) had seroconversion-that is, a titer of ≥1:40 in December and a ≥4-fold rise in H7N9 antibody titer between May and December. The characteristics and exposure histories of these 96 workers in relation to the risk of seroconversion are shown in Table 3 . The risk of seroconversion among female poultry workers and poultry workers with occupational exposure history of ≥10 years was significantly higher than that among male poultry workers and poultry workers with occupational exposure history of <10 years, respectively. In multivariable analysis, female poultry workers (odds ratio [OR], 2.713; 95% confidence interval [CI], 1.098-6.705) and poultry workers with occupational exposure history of ≥10 years (OR, 3.592; 95% CI, 1.246-10.354) both remained significantly associated with seroconversion (Table 4) . Regarding antibody against H5N1, 4 of 501 (0.8%) individuals in the first survey and 3 of 375 (0.8%) individuals in the second survey had antibody titers ≥1:160 by HI.
A total of 825 serum specimens were obtained from the 2 cross-sectional studies in the general population, with 417 in March and 408 in September 2013. All specimens had H7N9 antibody titers of <1:160 by HI (Table 5) . Only 2 individuals from the September survey had antibody titers of 1:80, and 13 individuals from September survey had antibody titers of 1:40 to H7N9. All specimens had H5N1 antibody titers <1:160 by HI (Table 5 ). Only 1 individual from the September survey had antibody titers of 1:80, and 16 individuals from the September survey had antibody titers of 1:40 to H5N1.
DISCUSSION
Our study identified a substantial increase in seroprevalence of antibody against H7N9 among poultry workers in Shenzhen, from 7.2% to 14.9% between May and December 2013. Furthermore, 52 of 96 (54.2%) poultry workers who provided samples in both studies had reliable serologic evidence of H7N9 infection during the period between May and December based on ≥4-fold rises in antibody titer. At the time we collected the second sets of sera in December, H7N9 viruses were detected in environmental samples in some poultry markets two months earlier, and a human case had just been reported, consistent with gradually increasing prevalence of H7N9 in poultry as the winter progressed. It can therefore be hypothesized that risk of infection in poultry workers could have further increased in early 2014. We are not aware of other reports of such high risk of H7N9 infection among poultry workers as demonstrated here. One study in Zhejiang province reported that 1.3% of poultry workers had H7N9 antibody titers ≥1:160 by HI in April-May 2013 [8] . An earlier study reported that 0 of 1554 poultry workers in eastern China had H7N9 antibody titers ≥1:160 by HI between January and November 2012 [7] . A study of H7N7 in the Netherlands did identify similarly high levels of seropositivity, albeit at very low antibody titers, among exposed poultry workers [11] . Prior studies on serological responses in confirmed human cases of H7N9 reported generally low antibody titers in convalescence, with <50% of cases reaching convalescent titers ≥1:160 [8, 12, 13] , although this might be partly attributed to the older age of many of those cases and immunosenescence. On the other hand, poultry workers may have had prior exposures to other avian viruses including H7 subtypes, leading to increased boosting of anti-H7 antibody after an H7N9 infection. We identified 21.8% of poultry workers with H7N9 antibody We identified 2 risk factors for serologic evidence of H7N9 infection based on a ≥4-fold rise in antibody titers in paired sera-namely, female sex and a longer history of occupational exposure ( Table 4 ). The increased risk in females could be related to the types of duties, with women more often responsible for selling poultry, defeathering and cleaning, and men more likely to be responsible for transporting and slaughtering poultry. However we did not identify any specific types of exposure associated with a higher risk of infection in the univariate analyses (Table 3) , and females generally report greater use of preventive measures [14] . While there have been a greater number of confirmed H7N9 cases in men vs women in the general population, relatively few confirmed H7N9 cases have occurred in live poultry workers, and patterns of exposure by sex could be quite different. Longer history of occupational exposure could be associated with reduced precautionary behaviors, or could partially reflect confounding by age if older persons were more susceptible to infection.
In addition, we identified that working in a retail rather than a wholesale market was associated with increased risk of antibody titer ≥1:160 in May 2013 ( Table 2 ). The wholesale poultry market functions as a distribution center of live poultry. Batches of live poultry are transported to market from other places and sold to retailers approximately 1-3 days after arrival. The shortterm stay at wholesale market could limit the workers' contact with live poultry. Furthermore, wholesale market staff usually clean and disinfect common area of the market twice a week, providing the owners of poultry houses with free detergents and requiring them to disinfect poultry house when every batch of live poultry is sold. Therefore shorter contact with poultry and better disinfection measures could have reduced the risk for wholesale market workers compared with retail market workers. One previous study found that poultry retailers had much higher anti-H9 antibody seroprevalence compared with wholesalers (15.5% vs 6.6%) [15] .
In contrast to poultry workers, we did not find evidence of H7N9 infections among the general population (Table 5) , and the estimated seroprevalence of antibody titers ≥1:160 in our September 2013 survey was 0% (95% CI, 0%-.87%), indicating that a large epidemic of asymptomatic infections had not has not yet developed the capability to transmit easily from human to human. Our finding is consistent with a study from Zhejiang province in April-May 2013, which reported that none of 1129 general individuals were seropositive to H7N9 at titers ≥1:160, and only 9 (0.8%) had HI titers of 1:40 [8] .
Our study has a number of limitations. We did not conduct intensive follow-up of the poultry workers or the general population to identify influenza-like illnesses or to virologically confirm H7N9 infections during our study period, and our inferences on the incidence of H7N9 infections are based only on serological evidence. Antibody to H7N9 measured by HI may indicate antibody generated after H7N9 infection, or crossreactive antibody after a different influenza virus infection. We also investigated seroprevalence of antibody to H5N1, and found low seroprevalence, similar to other studies [15, 16] . Finally, we did not collect detailed exposure information to allow us to assess the association between seroprevalence and the frequency or duration of exposure to different types of poultry.
Whereas the identification of mild H7N9 infections through sentinel surveillance [3, 4] indicates that the number of H7N9 infections substantially exceeds the number of laboratoryconfirmed cases [5] , our results are consistent with a substantial number of H7N9 infections among poultry workers despite relatively few confirmed cases having occurred in these persons [1, 2] . Interventions in retail markets may be particularly important in controlling risk. Increases in the incidence of human cases in Shenzhen in January and February 2014 suggest that prevalence in poultry may have also increased during this period, compared with the preceding months, and further serological studies in poultry workers and the general population would be valuable to improve our understanding of the number of infections that have occurred in the present winter outbreak.
Finally, seasonal influenza vaccination is recommended for persons with occupational exposure to poultry, to reduce the risk of joint infections with human and avian viruses and consequent risk of virus reassortment or recombination, and our study demonstrates the importance of promoting seasonal influenza vaccination in poultry workers in Shenzhen, who faced a high risk of H7N9 infection in 2013.
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